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For Typical Astronomical sources
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World-wide Interferometer Network
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Merger Signals far above Noise

e Simulated data stream for LISA,
» 10°Mg BH binary merger at z=5,
Including instrumental noise (SNR~500)

I ' I ' [ ' I

1.5e-19
le-19 — -
S5e-20 — F —
-
. 0
S
o -
(0p]
-5e-20
o191 M i
| | | | | l I
-1.5e-19 —3e+05 2e+05 -le+05 1] le+05 —
L | | | ] [ | ]
-6000 -4000 -2000 0 2000
t(s)

from C. Hogan 12



Rate estimates

Table 5. Detection rates for compact binary coalescence sources.

Source* Nlow }“'r_l Nre FT_I Nlligh yr_l

NS-NS 2 x 107 0.02 0.2
NS-BH 7 x 1077 0.004 0.1
[nitial BH-BH 2 x 1074 0.007 0.5
IMRI into IMBH <0.001°
IMBH-IMBH 10—*¢

NS-NS

NS-BH
Advanced BH-BH

IMRI into IMBH

IMBH-IMBH




E T s VIEWS OF THE UNIVERSE

From: http://coolcosmos.ipac.caltech.edu

Gamma-Ray (N. Gehrels et.al. GSFC,

EGRET, NASA) X-Ray 2-10keV (HEAO-1, NASA)
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X-Ray 0.25, 0.75, 1.5 keV (S. Digel et. Ultraviolet (1. Bonnell et.al.(GSFC), G .
al. GSFC, ROSAT, NASA) NASA) Visible (Axal Mellinger)

Radio 1420MHz (J. Dickey et.al. UMn.

Infrared (DIRBE Team, COBE, NASA) NRAO SkyView) GW




GW Timelines
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( | The GEO600 Interferometer

600 m north arm
(folded in vertical plane)
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Steel wire _
loops 350 m/ Intermediate mass, fused
silica, 5.6 kg, 180 mm
-y / = _ a
Silica fibres ~ Mirror, fused silica,
220 pum 5.6 kg, 180 mm
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Quantum noise reduction in GEO6oo0
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ET

suee Site selection aspects




SEISMOLOGY NETWORK

i1/ 111 Surface seisr}ﬁiE data from > 200*%ites (Orfeus network,
Site investigation |z B T 5 Y\
also used the i

support and the
data of the
ORFEUS*
Network (>200
sites In Europe)

* Observatories and
Research Facilities for
European Seismology
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Total noise

Coating Thermo=optic noise
_ | = Advanced Detectors

= = = Suspension thermal noise
= = = Coating Brownian noise

= = = Quantum noise

— - = = = Sgismic noise
= = = Gravity Gradients
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ET‘%E%?”%E Thermal Noise / Cool Optics _J

Large, heavy optics ~ 150 kg

High refrigeration power required
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Intermediate thermal shield

Lower thermal shield




cool & hot
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ET PARAMETERS

ET-C/ET-D (
d High Frequency

BBBBB

ET-C/ET-D )
Low Frequency

- |t Dy
Parameter ET-D-HF ET-D-LF
Arm length 10km 10km
Input power (after IMC) 500 W 3W
Arm power 3MW 18 kW
Temperature 290K 10K
Mirror material fused silica silicon
Mirror diameter / thickness  62cm /30cm min45cm/ T
Mirror masses 200kg 211 kg
Laser wavelength 1064 nm 1550 nm
SR-phase tuned (0.0) detuned (0.6)
SR transmittance 10 % 20 %
Quantum noise suppression freq. dep. squeez. freq. dep. squeez.
Filter cavities 1x 10km 2 X 10km
Squeezing level 10dB (effective)  10dB (effective)
Beam shape LGs; TEMy,
Beam radius 7.25cm 9cm
Scatter loss per surface 37.5 ppm 37.5ppm
Seismic isolation SA, 8m tall mod SA, 17 m tall
Seismic (for f > 1Hz) 5-10719m/f? 5:10719m/ f?
Gravity gradient subtraction none none




WHAT DO WE NEED FOR-

R LA -

BASICET FACTS I

* long lasting (decades)
infrastructure
10km A (<displ. Noise)
100-200m underground
,conservative* design
Subsequent upgrades to
novel techniques

10 km







R&D within ELITES
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For efficiency reasons Einstein Telescope
bu i Id a trian Ie xylophone Optlon (ET-C) ”I:I Number of 'long' suspensions = 21
g ' Each detector (red, green and blue) ””l’ Grn-LF TLAd irf“:lv'h?ci' rzR:Ir:fcth);:ra?

consists of two Michelson inter-

Start Wlth a Sl ng Ie ferometers. The HF detectors need "o

one filtercavity each, while the LF

Xyl (@) p h one d ete Cto r. detectors require 2 filter cavities

each due to the use of detuned
signal recycling.

Number of 'normal’ suspensions
(PRM, BS, BD and FC) = 45 for
linerar filtercavities and 54 for
triangular filter cavities

Beams per tunnel =7

Add second Xylophone
detector to fully resolve
polarisation.

Add third Xylophone
detector for redundancy
and null-streams.







RAERL

& l%ozumi S
| f  980m(620m+36

y ""CLI{);' @

Tilt: |/3oo %

*Water dralrr p &
w Atetsmentrance

Location of Center (BS)
latitude: 36 .41°N, longitude: 137.31 °.
Y arm direction: 28.3| deg.from the North.
Height from the sea level : about 372m.

2 entrances for the experiment room.

Center, Xend, Yend are inside more than 200m
from the surface of the mountain.

Tunnel floor is tilted by 1/300 for natural water
drainage.

Height of the Xend: 382.095m.

He;ght of the Yend: 362 928m
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GW sources
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H fave Sources

Massive Black Hole Binary
(BHB) msplral and merger
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— 3 Satellites
5 Million km arms
50 Million km behind earth! |
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